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Abstract 
Solar cooling plants represent today an interesting solution for air conditioning and primary energy 
savings. However, the plant configurations are still on development and the different solutions are tested 
in pilot plants. In this paper, a study on a possible high-efficiency configuration has been conducted. This 
solar cooling plant is based on a linear parabolic collectors solar field operating at 160- 180 °C and 
coupled with a double effect absorption chiller. This solution could lead to an energy performance near to 
the DEC technology but with lower investment costs. A numerical model in TRNSYS has been 
developed in order to evaluate the performance and the possibility to build a pilot plant in the RSE 
experimental area. Thanks to the model, the system design process was studied and were identified the 
most important parameters (area of the solar field, nominal power of the absorption chillers, and volumes 
of the heat storage). The way how these parameters affect the overall performance of the plant has been 
investigated and a sizing procedure for solar cooling plant with a nominal refrigeration power of 20 – 45 
kW was developed. A building in the RSE area was chosen and the procedure has been applied in order to 
design a dedicated solar cooling plant. 
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1. Introduction 
 
Research activities on solar cooling technology are mainly focalized on the improvement of the performance of each 
component and on the development on standardised plant layout configurations. 
The correct evaluation of the performance of a solar cooling plant represents an important aspect for the 
development of this technology: in range of different EU and IEA projects dedicated guidelines and procedures have 
been development for the monitoring of solar cooling plant operation [5-6]. 
Nowadays, “turnkey” solar cooling plants are still not commercialized in Italy: typically there is a local HVAC 
engineering main contractor, which coordinates chiller and solar collectors suppliers and contracts out the control 
system to a local automation company. As it was observed by [1-4], it mainly happened that the operation of only 
solar field or the chiller unit is optimized, but not the overall plant operation in a synergistic way: nevertheless this 
aspect has proved to be essential to guarantee an effective primary energy saving in comparison with traditional 
HVAC systems. In particular, it was observed that the electrical consumptions represent the most critical factor both 
in the design and in the operation phase of this kind of plants. DEC (desiccant evaporative Cooling) systems showed 
lower electrical consumption, but they are characterized by the highest investment cost. On the other side, the single 
phase absorption chiller, that is the most diffused solution on the market, has a lower investment cost but also lower 
performance: an interesting PBT (pay-back time) of the investment could be reached only with an elevate number of 
operating hour for each season [3]. 
In this paper an innovative and high efficiency solution, studied by RSE, is presented. This solar cooling plant is 
based on a linear parabolic collectors solar field operating at 160- 180 °C and coupled with a double effect 
absorption chiller. This solution could lead to an energy performance near to the DEC technology but with lower 
investment costs. 
 
2. Plant Description 
Figure 1 shows the scheme of a closed loop medium temperature solar cooling plant. The plant consists in: 
• A solar collector field ,which is able to heat the transfer fluid to a temperature varying from 100°C to 
250°C. 
• An heat storage system working with high pressure hot water, thermal oil, or specific heat transfer fluid 
(Galden® etc.) 
• A backup heating system able to feed the absorption chiller when the solar heat is inadequate. 
• A double effect absorption chiller with double feeding source which produce chilled water at 7-14°C. 
• A cold storage system ad and a distribution system (ATU). 
 
 
 
Figure 1 -  closed loop solar cooling plant 
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The evaluation of the plant performance and the sizing of the main components are carried out through the 
estimation of the primary energy consumption and the energy saving reachable in comparison with traditional 
systems. For detailed information of evaluation procedure and reference system see [5]. 
During summer season the produced chilled water sent to the distribution system is the only useful result (Q5). The 
primary energy consumption is composed of two main parts: the natural gas used in the backup system (Q2) and the 
auxiliary electrical consumptions (E1,E2….E8). In particular were considered circulation pumps 
(E1,E3,E4,E5,E6,E7), electric operation motors of the solar field (E2) and the cooling tower fan  (E8) 
The overall performance of a solar cooling plant is typically evaluated by the Primary Energy Ratio (PER), which 
represents the cooling effect produced using a single kWh of primary energy.  
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where 
 
• ߟ௕௢௜௟௘௥: 0.95 (boiler efficiency) 
• ߝ௙௢௦௦௜௟: 0.9 (combustion efficiency) 
• ߝ௘௟௘௧: 0.4 (electrical conversion factor) 
 
Other parameters are also used to understand how the different kind of energy flows are used to produce the final 
result : Solar Factor (SF), il COPelettrical, il COPthermal (equation 3-4-5) 
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The design and the operation of a solar cooling plant should guarantee the minimum PER during working seasons 
according to final user and local climate.  
3. Control strategies 
 
The plant is designed to satisfy all the cold and thermal needs of the final user. The absorption chiller coupled to the 
storage tank guarantees chilled water at the required temperature during all the summer season. 
The switch on and off of the absorption chiller depends on the storage tank average temperature. A defined range 
was considered (6-12°C). The backup system, which could heat the water of the solar loop, is switched on when the 
tank temperature and the feeding water are lower than a fixed value (175°C). In this way the nominal feeding 
conditions of the chiller are always guaranteed, maximizing the thermal COP of the unit. 
 
The feeding water pump and the distribution pump are operated at constant mass flow rate as it is required by chiller 
supplier. On the other side, solar pump and cooling tower pump are operated at variable speed. The setpoint of the 
solar mass flow rate is function of the total solar radiation: the solar pump is switched on when the solar radiation is 
greater than zero and it reaches the maximum value with a solar radiation of 700 W/m2, keeping the temperature at 
the outlet of the solar field always greater than the average temperature of the solar tank. 
 
During winter season, the absorption chiller is bypassed and the solar collector field heats the distribution storage 
tank only. Backup system is activated when the operating temperature of the storage tank is lower than a trigger 
value. 
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4. TRNSYS model 
With the aim of a detailed simulation of the plant operation and of a development of a correct design procedure, a 
TRNSYS model was processed. Figure 2 shows the model for the summer and winter season operation. 
 
 
Figure 2 - TRNSYS model of the solar cooling plant in summer operating mode 
 
  
 
According to the market available units and according to the typical final users of tertiary and residential field, the 
maximum cooling power of the plant was fixed at 45 kW (162e3 kJ/h).The setup of the TRNSYS model foresaw the 
definition of all the parameter of each single “Type”: technical data of solar collectors and absorption chillers were 
kept directly from vendors. The sizing procedure developed consisted in a parametric analysis and simulation of 
different scenarios which lead to the identification of the combination of main parameters characterized by the 
maximum PER index. Main parameters and their ranges of variation are listed hereafter. 
 
 
• Solar collector area (m2): [30 -80]; 
• Hot storage tank volume / Solar area  ratio (l/m2): [5 – 45]; 
• Nominal cooling power (kW): [ 20 – 45]; 
• Cold storage tank volume (m3): [0.3 – 1.5]. 
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5. User cooling demands and thermal needs 
A building in the experimental facility of RSE headquarter (Milan,Italy) was chosen for the test of solar cooling 
plant. This building collects different laboratories with various thermal and cooling needs and represents an 
interesting user for solar cooling plant long-time testing. Figure 3 shows the selected building. 
 
 
Figure 3 - Selected test building in the RSE Test Facility 
 
A detailed model of the building was developed in Taermica® environment. A year simulation was performed and 
thermal and cooling needs were calculated. Because of the kind of building and it’s particular end use (internal 
experimental activities, particular instruments etc.), different operating scenarios were considered.  
 
• 80% ric – 7-18 fer: the percentage of recirculation air is fixed at 80% and the plant operates only from 7 
am to 6 pm during weekdays. Outside this time range, the temperature control of the building is 
deactivated. 
• 80% ric – 24h: the percentage of recirculation air is fixed at 80% and the plant is always on and guarantees 
24h the building set point temperature 
• 20% ric – 7-18 fer: the percentage of recirculation air is fixed at 20% and the plant operates only from 7 
am to 6 pm during weekdays. Outside this time range, the temperature control of the building is 
deactivated. 
• 20% ric – 24h: the percentage of recirculation air is fixed at 20% and the plant is always on and guarantees 
24h the building set point temperature. 
 
The setpoint temperature is 26°C (50RH) for summer season and 20°C for the winter one. Figure 4 shows aggregate 
energy consumption expressed in kWh for all the considered scenarios: the differences between the considered cases 
are significant in particular during summer season. Figure 5 and 6 show two examples of one day user demand 
during summer and winter operation. 
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Figure 4 – Thermal ad Cooling needs of the selected test building 
 
.  
Figure 5 – Cooling load of selected building during summer operation 
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Figure 6 - Thermal load of selected building during winter operation  
6. Design and parametric analysis of the performance of a medium temperature solar cooling plant  
Afterwards, an optimized sizing of the solar cooling plant was performed for each scenarios. 
2600 one season simulations, characterized by all the available combination of the main parameters, were performed 
with TRNSYS model and the plant configuration with the best PER was identified. 
Table 1 shows the results of the parametric analysis: the maximum performance in terms of PER and SF are 
reported as function of the nominal cooling power of the absorption chiller; the combination of main parameters is 
also indicate for each optimized case. 
Table 1 -  Main results of parametric analysis of the performance of solar cooling plant 
SF 
(%) 
PER 
(kWhf/kWhEP) 
Qcool 
(kW) 
Solar area
(m2) 
Hot 
storage 
volume 
(m3) 
Cold storage 
volume 
(m3) 
20%7-18
0,7155 1,606 45 55 0,75 0,5 
0,7179 1,616 40 55 0,75 0,3 
0,6876 1,587 35 50 0,75 0,3 
0,6810 1,554 25 50 0,75 0,7 
0,6854 1,577 30 50 0,75 0,5 
80% 7-18
0,7935 1,322 45 30 1,35 0,3 
0,8068 1,388 40 30 1,35 0,3 
0,8123 1,417 35 30 1,35 0,3 
0,8198 1,458 25 30 1,35 0,3 
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0,8167 1,441 30 30 1,35 0,3 
80% 24h
0,6184 1,122 45 35 1,35 0,5 
0,6385 1,193 40 35 1,35 0,5 
0,6490 1,232 35 35 1,35 0,5 
0,6280 1,308 25 30 1,35 0,3 
0,6592 1,271 30 35 1,35 0,5 
20% 24h
0,4993 1,297 45 60 0,7 0,7 
0,5053 1,320 40 60 0,7 0,7 
0,5193 1,320 35 65 0,6 0,3 
0,4553 1,273 25 50 0,75 0,5 
0,4498 1,290 30 50 0,75 0,5 
      
The presented results demonstrates the high potential application of this kind of solar cooling plant: in each scenario, 
in fact, it is possible to identify an optimum for the design parameters, which leads to an high PER, greater than 
traditional system. Seasonal PER reference value for traditional HVAC system operating under the same condition 
is reasonable around 1.07 -1.1 [1-4]. 
 
The cases which foresee a 24h continuously operation are more penalized than the others: in the worst scenario 
“80%24h”, the seasonal PER index is 1.23 with a cooling unit of 10800 kJ/h (30kW) instead in the best scenario 
“20% 7-18” the PER index reaches the highest value of 1,61 kWhf/kWhEP 
 
It is important to underline that, in each optimized configuration, the solar factor is always greater than 0.5.  
The backup system is always required, also in the maximum performance case: the greatest value of SF is 0.85. This 
depends on a specific design criteria: any over-temperature of the solar collector was voluntary avoided and the 
simulations which present these abnormal conditions were excluded from the data set. 
 
The results also show interesting aspect about main plant parameters (nominal cooling power, solar collector area 
and the volumes of the storage tanks): their combination is strongly different among the optimized cases and 
strongly depends on the overall user needs and local area. The following figures show the PER index as function of 
solar factor and tank volumes and allow to understood how the main parameters affect the overall plant performance  
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Figure 7 – PER index as function of solar factor in summer operation  “80% 7-18” 
 
 
Figure 8 - PER index as function of solar factor in summer operation  “20% 7-18” 
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Figure 9 - PER index as function of solar factor in summer operation  “20% 24h” 
 
 
Figure 10 - PER index as function of solar factor in summer operation  “80% 24h” 
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The results highlighted that the main plant parameters affect in a combined way the overall performance and 
confirmed that for this kind of plant, a design procedure based on detailed simulation of plant operation (1 h time-
step minimum) is strictly necessary in order to achieve the best technical/economical trade-off. 
The adoption of empiric criteria, typically used for a single component such as solar collectors field, could lead to a 
low performance plant configuration. Some examples are following: 
 
• An increase of the volume of the hot water storage tank always cause an increase of the PER index, but in 
some cases the positive effect on performance is minimal, but it is greater on investment cost. 
• The area of solar collector is a compromise between different factors: a lower area leads to a higher use of 
the backup system, but also to a lower electrical consumption of circulation pumps.  
• A bigger chiller allows to use a more little storage tank, but it will be characterized by a more 
discontinuous operation with consequently poor performance. 
 
As it is explained in cap 3.0, during winter operation, the chiller is turned off and the plant operates like a traditional 
solar thermal plant. The percentage of the thermal needs satisfied by solar heat is maximum 30% and it is 
proportional to solar field area. Figure 11 shows the PER index as function of solar factor during winter season. 
 
 
Figure 11 - Primary Energy Ratio in funzione del solar factor durante il periodo invernale 
7. RSE Solar cooling pilot plant 
 
The pilot plant which will be installed in RSE headquarters is characterized by the following main parameter: 
 
• Nominal cooling power of the absorption chiller  25 kW; 
• Solar collectors area: 50 m2; 
• Hot storage tank volume 0,75 m3; 
• Cold storage tank volume 1,5 m3. 
•  
These parameters guarantee the best performance of the plant in an “average scenario” among the scenarios 
previously described.  
 
 
Figure 12 shows monthly average values of solar factor in two different cases: the plant is able to satisfy a high 
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percentage of the cooling needs during intermediate season (April – May); in the case, which foresees air 
conditioning from 7am to 18pm, the solar factor results high also during the following months (~0.6). 
In the case of 24h continuously plant operation, SF rapidly decreases in the months of highest cooling load (July-
September); the best performance are reached in the scenario “80% 7-18”, the most likely, where the solar factor 
varies from 0,78 to 0.95. 
 
 
Figure 12 – Monthly average values of SF -  scenario “20% 24h”  scenario “20% 7-18” 
 
 
The results showed in Figure 13 confirmed the strong influence of electrical consumption of auxiliaries in order to 
reach a real primary energy saving, as it’s clear from previous monitoring activities of solar cooling plants 
performed by RSE [4]. 
 
 
Figure 13 – Monthly average values of COPelectrical - scenario “20% 7-18” scenario “20% 24h” 
 
 
The results showed by the simulations are very interesting and testify the real potentiality of this type of plants, 
however they are very far from nominal value considered by vendors. In nominal conditions, according to nominal 
technical data supplied by vendors of each component, a solar cooling plant could reach a COPelectrical of 16. 
Instead, the results showed that 60-70% of this value is reasonable in best cases. 
 
Although particular attention was given to the minimization of auxiliary electrical consumptions in the design 
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procedure of the plant, they are not negligible even in the optimized scenarios: in the best cases, the COPelectrical  
reaches value of 12-13 in the months characterized by a high cooling demand; in the intermediate months sometimes 
it happens that the COPelectrical  is even lower than the typical values of traditional vapour compression chillers. 
Figure 14 shows the monthly average values of PER index in the best scenario (“20% 7-18”) .The performance of 
the plant  are very high in the period of high cooling demand. PER reaches a maximum value of 1.6 kWhf/kWhEP 
during June-September, but during the intermediate season, the performance are comparable with traditional 
systems (April – May). 
 
 
 
Figure 14 - Monthly average values of PER index - scenario “20% 7-18” 
8. Conclusions 
 
The results showed that the main plant parameters affect in a combined way the overall performance and confirmed 
that, for this kind of plant, a design procedure based on detailed simulation of plant operation is strictly necessary in 
order to achieve the best technical/economical trade-off. A solar cooling plant, based on solar concentrating 
collectors is able to reach high performance in terms of PER index, near to open cycle DEC systems, but this kind of 
plant presents a lot of advantages: 
 
• a closed loop plant has a higher market diffusion potential in consideration of the possible substitution of 
existing plants; 
• the range of plant size varies from low scale to high scale ( 20kW, +100kW); 
• investment cost are potentially lower (solar field and chiller unit). 
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